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Objective: to study whether physical activity is associated with reduced occurrence of asymptomatic leg atherosclerosis.
Design: longitudinal and cross-sectional analyses of the population-based cohort “men born in 1914”.
Methods: comparison of the systolic ankle/arm pressure index (AAI) at age 68 in groups who were sedentary, performed
some activity, and performed regular physical training at 55 and 68 years of age.
Results: at 55 years of age, 100 (27%) were sedentary, 209 (58%) reported some physical activity and 54 (15%) reported
regular physical training. At 68 years, 194 men (53%) reported the same degree of physical activity, 127 (35%) reported
a higher physical activity, and 42 (12%) reported lower physical activity. Physical activity at 55 years (p=0.03) and
increased physical activity between 55 and 68 years (p=0.03) were both associated with higher AAI at 68 after adjusting
for potential confounders. At 68 years, AAI was 0.89±0.21, 1.01±0.13 and 1.05±0.11, respectively, in men who were
sedentary, reported some physical activity, and regular physical training (p=0.0002). This association remained significant
after adjustments for potential confounders.
Conclusions: regular physical activity is associated with reduced occurrence of asymptomatic leg atherosclerosis, even
in men taking up exercise after age of 55.
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Introduction rates, mortality during the follow-up could cause
bias.14 And thirdly, vascular disease could in some
Regular physical activity has been associated with cases cause physical inactivity rather than vice-versa.
“Men born in 1914” is a cardiovascular cohort study.reduced incidence of ischaemic heart disease (IHD),
stroke and death in several prospective studies.1–9 Assessment of leisure physical activity and asympto-
matic leg atherosclerosis were part of the baselineWhether this is explained by a reduced occurrence of
atherosclerosis among physically active individuals or examination when these men were 55 years old and
repeated at a follow-up evaluation at 68 years ofby the anti-thrombotic effects of exercise10,11 remains
controversial. Cross-sectional population studies12,13 age. This cohort was used to test the hypothesis that
physical activity is associated with reduced occurrencehave reported an association between physical activity
and the degree of atherosclerosis as measured by the of asymptomatic leg atherosclerosis.
ankle-arm index (AAI). However, the longitudinal
associations between physical activity and asympto-
matic leg atherosclerosis have not been studied ex-
tensively. Material and Methods
Such a study poses several methodological prob-
lems. Degree of physical activity and exposure to other Study population
major risk factors may change during a long follow-
up period. Since physical inactivity and atherosclerotic Men born in even-numbered months in 1914 and who,
diseases may both be associated with increased death in 1968, were residing in Malmo¨, were invited to
participate in this prospective study.15 Seven hundred
and three men (87%) participated. All survivors re-
∗ Please address all correspondence to: G. Engstro¨m, Department of maining in Malmo¨ were invited for follow-up ex-Community Medicine, Malmo¨ University Hospital, S-20502 Malmo¨,
Sweden. amination in 1982–83. The overall participant rate was
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80.5%. Fifty-six of them were excluded because of pressure was measured with 18×60 cm blood pressure
cuffs and 12×35 cm cuffs were used for the upperincomplete information or intermittent claudication
according to the Rose questionnaire.16 The study is arms. The arithmetic mean (the worst leg) from two
recordings was used in the analysis. Figures on thebased on the 363 men, without intermittent clau-
dication, who participated in both examinations. prevalence of peripheral arterial disease are based on
patients with AAI<0.9 in at least one leg.
At the examination at 55 years of age calf ple-
Health status at 55 and 68 years of age thysmography was used to measure pulse wave amp-
litude (PWA; mm) during reactive hyperaemia. The
Daily tobacco consumption was estimated by means validity of this method as a measure of leg athero-
of a self-documented questionnaire. Subjects were cate- sclerosis has been reported previously.15,19,21,22
gorised as: (1) Non-smokers; (2) Ex-smokers (stopped
smoking at least one month before the investigation);
(3) Consumers of 1–14 g/day; (4) 15–24 g/day and (5)
25 g or more/day.
Physical activity during leisure time was assessed
Men lost for follow-upby means of a structured interview.17 The following
groups were used for classification:18 (1) almost com- One hundred and thirty-nine of the men who par-pletely inactive (e.g., reading, watching television and ticipated in the baseline examination at 55 years diedmovies etc); (2) some physical activity (e.g., riding a during the follow up, 44 (24%) of those who werebicycle or walking to work, light gardening, etc) at sedentary, 78 (21%) of those who performed some andleast 4 h per week; (3) regular physical training (e.g., 17 (17%) of those who trained regularly at 55 years.heavy gardening, running, tennis, swimming, etc at Seventy-seven men had moved away from the cityleast 2–3 h per week) and (4) regular hard physical at 68 years of age and 68 men did not participatetraining (competition in running events, soccer, racing, at the re-examination. Of these men 41 (29%) wereetc) several times a week. In the analysis the following sedentary, 77 (26%) performed some physical activitythree groups were used: sedentary (group 1); some and 27 (33%) reported regular physical training atphysical activity (group 2) and regular physical train- 55 years. The 55-year pulse wave amplitude valuesing (groups 3 and 4). Change of physical activity showed no significant difference between this groupbetween 55 and 68 years was defined as a difference and those who participated at 68 years (mean±s.d.:in activity between the two assessments (coded −1, 0 6.7±1.9 vs 6.9±1.9 mm, p=0.30).and +1).
Blood pressure was measured in the morning, with
the subjects in a sitting position, to the nearest 5 mmHg.
Plasma cholesterol levels were analysed by standard
methods.
StatisticsMedical history and enzyme strips (Clinistix, Miles
Laboratories, Ames division, Elkhart, U.S.A.) were
One-way analysis of variance (ANOVA) and Mantel–used to screen for diabetes mellitus at the examination
Haenszel chi-square test was used to compare theat 55 years of age. Borderline cases underwent oral
distribution of cardiovascular risk factors and AAIglucose tolerance tests.15 At 68 years of age, diabetes
values by level of physical activity. The linear trends,was defined as fasting plasma glucose levels
weighted for number in each group, over the three[7.0 mmol/l or medical history of diabetes. All cases
categories of physical activity were used. Significancewere validated by review of hospital records.
testing of the relationships between physical activityHistory of IHD was defined as angina pectoris ac-
and cardiovascular risk factors was used to identifycording to the Rose questionnaire16 or record validated
potential confounders.23 p-values <0.20 was used ashospitalisation because of myocardial infarction.
criteria for potential confounding.23 The SPSS (version
8.0) general linear model procedure24 was used to
assess the effects of physical activity on AAI afterAssessment of leg atherosclerosis
adjustment for potential confounders. Tolerance for
each independent variable was calculated as a testThe recording system for the systolic ankle-arm pres-
sure index (AAI) used pulse sensors (mercury-in-Sil- for collinearity.25 Tolerance-values below 0.20 were
considered to indicate collinearity problems.25astic strain gauges) on thumbs and big toes.19,20 Ankle
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Results group with regular physical training at 68 years
(1.04±0.11), and lower AAI if they were sedentary at
AAI and physical activity at 68 years of age 68 years (0.87±0.21), than if the reported some physical
activity at both examinations (1.00±0.13) (F=6.5, df=
At 68 years, 15 men (4.1%) were sedentary, 277 (76%) 1, p=0.01).
performed some physical activity and 71 (20%) regular
physical training. Mean AAI (±s.d.) in these groups
were 0.89±0.21, 1.01±0.13 and 1.05±0.11, re-
AAI in relation to physical activity at 55 years andspectively (F=14.4, df=1, p=0.0002). This relationship
change in physical activity between 55 and 68remained statistically significant after adjusting for
tobacco consumption, former smoking, systolic and
Physical activity at 55 years was not significantly as-diastolic blood pressure and diabetes (p for trend=
sociated with AAI at 68 years (AAI was 1.01±0.13,0.007). Mean AAI (+standard error) after adjusting
1.00±0.13 and 1.04±0.11, respectively, for sedentaryfor covariates were 0.92+0.038, 1.00+0.008 and
men, men with some activity and regular training. p=1.04+0.016, respectively, for sedentary men, men with
0.27). However, the non-significant association could besome activity, and regular physical training. The pre-
related to the fact that many men had changed theirvalence of AAI<0.9 was 33%, 14% and 6%, respectively
degreeofphysicalactivitybetweenexaminations.Phys-(Chi-square=7.9, df=1, p=0.005).
ical activity at 55 years was also associated (p<0.20) with
a higher prevalence of diabetes, a lower prevalence of
smoking, and higher pulse wave amplitude. There were
no associations between physical activity at 55 yearsAAI for men whose level of physical activity was
unchanged between 55 and 68 years of age and systolic and diastolic blood pressure, plasma cho-
lesterol, body mass index (BMI) or history of IHD (all
Fifty-three percent of the men (194/363) reported the p>0.20) (data not shown).When the relationship be-
tween physical activity at 55 and AAI at 68 years wassame degree of physical activity at 55 and 68 years of
age (Fig. 1). Mean (±s.d.) AAI was 0.93±0.21 for adjusted for change in physical activity, diabetes, pulse
wave amplitude, tobacco consumption, former smok-those who remained sedentary, 1.00±0.13 for those
who still performed some activity and 1.05±0.11 for ing, the associations between the degree of physical ac-
tivity at 55 years and the AAI at 68 became significantmen who reported regular physical training at both
examinations (F=4.1, df=1, p=0.045). The prevalence (p=0.027). Mean AAI (+standard error) after adjusting
for covariates was 0.99 (+0.017), 1.01 (+0.009) and 1.06of AAI<0.9 was 33%, 17% and 5%, respectively, for
men who remained sedentary, still performed some, (+0.023), respectively, for sedentary men, men with
some activity and men with regular physical training atand regular physical activity (Chi-square=3.2, df=1,
p=0.075) (Fig. 1). 55 years. Change in physical activity (F=4.6, df=1, p=
0.03), pulse wave amplitude (F=19.3, df=1, p<0.001),
tobacco consumption (F=18.4, df=1, p<0.001) and for-
mer smoking (F=5.1, df=1, p=0.02) were similarly sig-
AAI for men whose level of physical activity had changed nificantly associated with AAI at 68 years. When this
between 55 and 68 years of age model was tested for collinearity, physical activity and
change in physical activity showed a tolerance of 0.36
Thirty-five percent (127/363) were more active at 68 and 0.37, respectively, indicating an acceptable degree
years of age than they had been at 55 (Fig. 1). Men of collinearity.
who were sedentary at 55 and performed some regular However, physical activity at 55 years and AAI
physical activity or regular physical training at 68 showed no significant association independently of
years had higher AAI than those who had remained degree of physical activity at 68 years.
sedentary (mean±sd: 0.93±0.21 vs 1.01±0.13 and
1.06±0.08, F=4.4, df=1, p=0.04) (Fig. 1). The pre-
valence of AAI<0.9 was 33%, 11% and 0%, respectively,
for initially sedentary men who were sedentary, per- Discussion
formed some activity, and performed regular physical
training at 68 years (Chi-square=5.0, df=1, p=0.025). Several prospective studies have reported a reduced
incidence of myocardial infarction, stroke and deathMen who reported some physical activity at 55 years
had higher mean AAI at 68 if they belonged to the in subjects who perform regular physical activity.1–9
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Fig. 1. Mean ankle-arm index (AAI) and prevalence of peripheral arterial disease in 68-year-old men in relation to physical activity at 55
and 68 years. Mean AAI (±s.d.) and prevalence with AAI<0.9 (n/n, %).
Whether this is explained by a reduction in athero- physical activity and asymptomatic leg atherosclerosis.
The present study shows that physical activity is as-sclerosis or by the anti-thrombotic effects of exercise
remains controversial.10,11 Contrary to the more com- sociated with a reduction in lower limb asymptomatic
atherosclerosis. This is in accordance with two recentlyplex pathophysiology of myocardial infarction and
stroke, peripheral arterial disease as measured by the published cross-sectional studies12,13 and a study of
physical activity measured by recall of the activityAAI could be assumed to primarily reflect athero-
sclerosis. Few have studied the relationships between 30 years earlier.26 Furthermore, the results show that
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physical activity may have protective effects, even in amplitude is an early marker of future leg athero-
sclerosis as measured by the AAI.19those who take up exercise later in life.
The occurrence of atherosclerosis at 68 years wasThe cross-sectional study at 68 years showed sig-
assessed by means of AAI recordings. AAI has innificant relationships between leisure physical activity
previous studies shown a good reproducibility28 andand non-invasively detected leg atherosclerosis. The
a very high sensitivity and specificity for angiogram-number of sedentary men was small, which is a lim-
positive PAD.29 An important question is whether AAIitation of the study. However, the AAI increased con-
reflects the degree of asymptomatic atherosclerosissistently with increasing physical activity and the
also at levels above 0.9 or 1.0. A cut-off level ofassociation was significant despite the small number.
1.0 gives, according to some studies, the maximumSelective mortality of individuals at high risk14 may be
sensitivity and specificity for atherosclerotic diseasesan important source of bias, as many of the participants
in general.30 However, AAI is associated with ath-died between the examinations. Both low physical
erosclerotic diseases also at higher levels,31 and AAIactivity2,3 and asymptomatic atherosclerosis27 have
levels >1.0 are common among individuals with mildbeen associated with increased death rates in this
stenosis, especially in the older age-groups.31 Fur-cohort, and this could have reduced the longitudinal
thermore, it has been shown that physical activity isassociation between physical activity and athero-
positively associated with AAI also after the exclusionsclerosis. Loss to follow-up due to other causes than
of individuals with AAI<1.0.12death showed no clear association with physical ac-
Cross-sectional and longitudinal results from thistivity or asymptomatic atherosclerosis.
population-based cohort study support our conclusionChanging exposure to risk factors during the follow-
that regular physical activity is associated with a re-up is another source of bias. Almost all men were
duced occurrence of asymptomatic leg atherosclerosis.employed at 55 and were retired at 68, so it is not
This protective effect of physical activity was alsosurprising that many of them had changed their degree
observed in men who took up exercise after age of 55of physical activity. Men who increased their physical
years.activity between 55 and 68 years had higher AAI than
those who reported similar or decreasing physical
activity. When the results were adjusted for change of
physical activity, the longitudinal association between
Acknowledgmentsphysical activity at 55 years and AAI at 68 years became
statistically significant. Furthermore, the longitudinal The Swedish Council for Social Research supported the study.
results were statistically significant after adjusting for
pulse wave amplitude as a measure of pre-existing
atherosclerosis at 55 years.
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